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FIOWSEPUION ‘FROMROB JIHEADOFBLUNT

ByJimJ.Jones

SUMMARY

An experimentalinvestigationintheLangleygasdynamicslaboratory
hasbeenmadeoftheflowseparationfromslenderrodsnmuntedto extend
forwardalongtheaxesof symmetryofblunt-nosedbodies.Themechanism
oftheseparationanditsgoverningcriteriaarediscussed.Dragdata
at a Machnumberof 2.72forvariousrodlengthsandnoseradiiatan
angleofattackof0° arepresented.

Itwasfoundthatthedragcoefficientsofbluntnosescouldbe
appreciablyreducedby theuseofprotrudingrods. Criteriaforrod
lengthwhichgiveslowestdragaregiven.

INTRODUCTION

Thedesirabilityof a blunt,roundednoseona supersonicmissile
whichcontainsa seekerdeviceiswell-known,anda numberof investiga-
tionshavebeenmadeoftheresultantdragincrease.‘(See,forinstance,
refs.1 to 3.) A studyofnosesinwhichthetipof a basicogiveis
replacedby a near-hemisphereindicatesthatifthenoseradiusisless
thanone-quarterofthemaximumradiusofthebody,thedragincrease
isnotsevere.Withincreasingnoseradius,however,thedragincreases
veryrapidly.

Theflowinfrontofa bluntnosehasbeenfoundtobe easilysepa-
ratedfromthesurfaceof a slenderrodorneedlewhichprojectsforward
ofthenose. (Seeref.4.) Thisseparationisa resultoftheinter-
actionofthebowwaveandtheboundarylayerontherod. Theseparated
regionisfoundto formapproximatelya conicalshape,and,theaccom-
panyingshockisverynearlytheconicalshockexpectedfora solidcone
geometricallysimilarto theseparationregion.
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Ifsomeforward-projectingdevicecanbe
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foundwhichoperatessatis- ~
factorilyundervaryingconditionsofMachnuniberandangleof attack,
practicaluseofthisphenomenonmightbe madeto reducethedragof
blunt-nosedmissiles.Thepurposeofthisinvestigationwasto study
theseparationphenomenonat anangleof attackof0° sothatthefactors
determiningoptimumrodlengthmightbe understood.
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nose-dragcoefficientbasedonmaximumfrontalarea

pressurerise

distancefrom

localdynamic

acrossshockwave

tip ofrodto noseofmodel

pressure

radiusofmodelatbase

radiusofhemisphericalnose

Reynoldsnumberbasedon distancex

stationalongmodelaxismeasuredfromtip,in.

lengthofbasicmodel,in.

distancefrom

radiusat any

tipofrodtopointof separation

pointonmodel,in.

MODEISANDTESTS

A sketchoftheconfigurationstestedisshowninfigure1. The
modelstirefittedto a smallstrain-gagedragbalance.

Model1,thebasicconfiguration,representsa nosedesignwhich
hasa minimumwave-dragcoefficientfora givenfinenessratioaccording
to theslender-bodytheory.(Seeref.5.) Thefinenessratiousedfor
model1 was4.0. Theordinatesforthistypeofbodyfollowtheequation
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# = +[’=2+COs-’(-tj

3

(1)

where

st=2 —-l
2 Sb

Formodel1 thevalueof Sb was4.0inchesand ~ was0.5inch.

Models2, 3, and4 weredesignedby replacingthenosepointof
model1 withsphericalsegmentshavinga radiusone-quarter,one-half,
andthree-quarters,respectively,ofthebaseradius.Oneachmodel
thesphericalsegmentandtheunmodifiedportionofthemodelwere
tangentat,themeetingpoint,behindwhicheachmodelwasidenticalto,model1.

Model5, a conecylinderof approximatelythesamevolumeand
lengthasmodel1,wasusedmerelyforcomparisonofdragwiththe
otherconfigurations.

Onmodels2 and3 a smalldiameterrodofvariablelengthwas
tested.Thediameteroftherodusedonmodel2 was0.020inchand
formodel3 theroddiameterwas0.040inch,sothattheratioofrod
diameterto noseradiuswouldbe constant.Thetipof eachrodwasa
10°half-anglecone.Figure2 isa schematicdrawingofa modelnose
witha rodmounted.

Alltestswererunina blowdown
laboratoryat a Machnuniberof 2.72.
5 inches.TheReynoldsnumberofthe
per

was
the
The

inchandalltestspresentedwere

Thestrain-gagebalancewasread

jetoftheLangleygasdynamics
Thetestsectionmeasures-3by
undisturbedflowwas1.83x 106
runatan angleofattackofOo.

froma Brownpotentiometer.Flow
notpermittedto enterthestingmountattherearofthemodel,and
pressureonthebaseofthemodelwasmeasuredon a mercurymanometer.
coefficientswerebasedon zerobasedrag.
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‘RESULZSANDDISCUSSION

Thedragcoefficientsofmodels1 to 5 weremeasuredonthedrag
balance.(Seefig.3.) As waspreviouslymentioned,thedragincrease

rn
isnotseverefora valueof — s 0.25. It isinterestingto notethat

%

(rnthedragofmodel2 — = 0.25rtl ) isaboutthesameasthatof model.5,

theconecylinder.

Figure4 isa seriesof shadowphotographsshowingnmdel3 with
a rodofincreasinglength.Thelightparabolic-shapedtraceisthe
intersectionoftheshockwaveandthewindow.Thelinesinsomeofthe
photographsarecausedby a smallamountof compressoroilonthesur-
faceofthewindows.Thephotographsshowthatthepointof separation
remainsfairlynearthetipoftherodforvaluesof Z/rn upto 3.5.
Withan additionalincreaseinrodlengbhtheseparationpointjumpsto
a pointdownstreamontherod. ThedistanceZ - x fromthepointof
separationtothenoseofthemodelhasnotchangedmuchforvaluesof
z/m from3.8to 6.o. Observethatthebaseoftheseparationregion
almostcoversthenoseofthemodelinthephotographs.

An explanationofthisphenomenonhasnotbeenofferedyet;however,
recentworkby DonaldsonandLange(ref.6)onflowseparationgives
someinsightintotheoccurrenceofthisphenomenon.Thisworkrelates
theReynoldsnumberandconditionoftheboundarylayerona flatplate
to theminimumpressureriseassociatedwitha shockwavewhichwill
causetheboundarylayerto separate.Inreference6 itisfoundthat
thevalueof Ap/q whichwillcausetheboundarylayerto separateis
proportionalto theskin-frictioncoefficient.Thus,forthecaseof
theturbulentboundarylayeron a flatplatewitha one-seventh-power
velocityprofile

(Ap/df-ri~ ‘A(RX)
-1/5

andfora lsndnarboundarylayer

(Addcrit =B(Rx)-1/2

(2)

(3)

.
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where (&?/q)~rit is’the~nm Pres$urerisewhich~~ causethe
boundarylayerto separateand A and B areconstantswithvalues
of 4.44and24.6, respectively.Thecurvesofequations(2)and(3)
areshowninfigure5. Fora boundarylayeron a slendershaft,as
inthepresentinstance,wheretheradiusoftheshaftisnotlargeas
comparedto theboundary-layerthiclmess,theprecedingworkisnot
directlyapplicable.However,theresultsshowcertaintrendswhichmay
be usedinthepresentstudy.Emphasisisplaced,first,onthesmall
changeinthevalueof (Ap/q)critwithReynoldsnumberfora turbulent
boundarylayeras comparedwiththatof a laminarboundarylayerand,
second,ontheappreciabledifferenceinthevalueof (@/q)critfor

●

thetwocurvesat anygivenReynoldsnumberfortherangeshown.
.

Iftheseresultsareappliedtotheseparationoftheboundary
layerfromthesmallrod,theconicalshockwavewhichjustprecedes
thepointof separationmusthaveexactlythatpressurerisewhichwill
causetheboundarylayerto separateatthatparticularReymoldsnumber
andtypeofboundarylayer.Consequently,forgivenconditionsand
configurations,theseparationpofitmaybe thoughtof asdeterminedin
thefollowingmanner:Theconevertexoftheseparatedregionmoves
forwardontherod(coneangleandReynoldsnumberRx decreasing)to
thatpointwherea furtherdecreaseinconeanglewouldmakethepres-.
sureriseinsufficientto separatetheboundarylayer.

Forshortrodlengthstheseparationpointisdeterminedby the
laminarvariationof (Ap/q)critwith Rx.’Withincreasing rod length

thelaminarseparationpointwillmovebackfromtherodtip (fig.6)
untilthevalueof Rx fortransitionisreached.Forlongerrod
lengths,theseparationmustfollowtheturbulentvariationof (AP/!l)crit.
Sinceexperimentalresu.ltashowthata turbulentboundarylayerrequires
a largerpressureriseinorderto separate,theconeangleofthesepa-
rationmustbe greater;so,thepointof separation‘jumpsnbackonthe
rod.

Incaseswheretheseparationislaminar,theReynoldsnumberRx
islow. BecauseofthehighReynoldsnumberperinchatwhichthis
experimentalworkwasrun,thedistancex fromthetipoftherodto
thepointof separationwasetiremelyshort.Theshadowphotographs
(fig.6)oftheregionwereconsiderablyenlargedandshowthatthere
isa definiteincreaseinthevalueof x withincreasingrodlength.
Thesmallarrowsindicatetheapproximatepointof separation.

Inreference4 a shockwavewasnotedto originatenearthepoint
wheretheflowreattachestothenose. (Seefig.4.) Theexistenceof
thisshockwaveindicatesthattheborderoftheseparationzonedoes
notmeetthenosetangentiallyand,therefore,mustundergoa certain
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fieldintheregionofthebaseofthis
similartothatshown

‘Shockwave
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OnestreamlineshouldexistwhichintersectsthenoseatA. This
indicatesa stagnationpoint,providedatthispointtheeffectofthe
localshearingstressesontheflownearthesurfacebalancestheeffect
ofthepressureriseacrosstheshockwave. Thepressurerecovered
atA willnotbe large,butthepressuresmeasuredonthesurfaceof
thenose(ref.4)clearlyindicatethata maximumisobtainedinthis
region.

Figures7 and8 showthedecreaseinthesumofwaveandfriction
dragobtainedonmodels2 and3,respectively,whenrodsofvarying
lengtharemounted.A conclusionmaybe reachedfromthesefigures
thatthelowestbag isgivenby thelongestrodlengthforwhich
laminarseparationoccurred.

CONCLUDINGREMARKS

An experimentalinvestigationwasmadeofflowseparationfroma
pointedrodprojectingaheadofa bluntnose. Itwasfoundthatthe
workofDonaldsonandLangewhichrelatestheseparationof a boundary
layerto thepressureriseacrosstheaccompanyingshockwavecouldbe
usedto explainthepresentphenomenon.

Strain-gagedragtestsat a Machnumberof 2.72andatan angle
of attackof 0° indicatedthatthedragofbodiesofrevolutionhaving
near-hemisphericalnosescouldbe appreciablyreducedthroughtheuse
oftheseprojectingrods. Thelowestdragcoefficientobtainedwith
theuseoftherodsoccurredwhentheboundarylayerseparatedwhile

.
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stilllaminaz.

7

Thus,thelongestrodextensionwhichstillmaintained
laminarseparationresultedinthelowestdragcoefficient.

Resultsof dragtestsof severalnoseswithoutprojectingrods
agreedqualitativelywithpreviouswork;thatis,thedragincrease
wasveryhighforlargevaluesoftheratioofnoseradiustobody
radius,butfora valueof 0.25,thedragincreasewassmall.

LangleyAeronauticalLaboratory.
NationalAdvisoryComitteeforAeronautics

LangleyField,Va.
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